Objective: Carbon monoxide (CO) poisoning is a common problem in various countries, especially in Winter months. CO exposure results in the formation of carboxyhemoglobin (COHb), which is responsible for toxicity symptoms. In this study, we aim to demonstrate the demographic features and seasonal variations of this particular public health problem.
Introduction
Carbon monoxide (CO) is an odorless, colorless and nonirritating gas, which binds to the hemoglobin molecule, displacing oxygen, and resulting in toxicity (1) . CO poisoning from coal and gas heaters is a public health concern in many developing countries, including Turkey (1, 2) . In Turkey, inadequate ventilation of domestic stoves and water heaters are the main causes of intoxication, unlike European countries or the USA (1) . Other sources of carbon monoxide include faulty furnaces and engine exhaust, some of which are intentional poisonings.
Given the non-specific symptoms of CO poisoning, recognition of the disease becomes more difficult and subclinical exposures increase (3) . Symptoms may include headache, dizziness, nausea, vomiting, disorientation and unconsciousness. Moreover, CO poisoning can cause immediate death, non-specific hypoxia-related neurological and cardiac manifestations, rhabdomyolysis and abnormal liver function (4, 5) . Due to the hidden and mysterious nature of the disease, the clinical signs and symptoms of the exposure may easily be misdiagnosed in emergency departments.
Materials and Methods
We retrospectively evaluated "the" hospital police reports and medical records of 2417 pediatric and adult ED patients diagnosed with CO poisoning. All were admitted to Gazi University Hospital, Emergency Department between November 1999 and November 2009. CO poisoning was determined according to symptoms and CO levels. During this time period, 683.472 patients were admitted to our adult and pediatric EDs. Sources of exposure, seasonal variations and demographic characteristics of patients were analyzed.
Approval for the study was granted by the local research ethics committee. Statistical analysis was performed via SPSS for Windows (version 11.5, SPSS Inc., Chicago, IL). Descriptive statistics were expressed as mean±standard deviation for continuous variables. Categorical variables were shown with the number of cases and percentages and were evaluated using Pearson Chi-square test. Statistical significance was assumed for p<0.05.
Results
Data were collected by a retrospective review of a total of 2417 patients. Mean age of our patients was 29.07±18.02 years (min.=0, max.=96). Out of 2417 intoxicated patients, 1418 patients (58.7%) were female and 999 patients (41.3%) were male. According to official police reports and hospital records, no intentional (suicidal attempt) exposure to CO intoxication was reported, and major causes for intoxication were unsecured stoves and gas heaters. In our emergency department, patients over the age of 18 were considered adults, whereas patients under the age of 18 were regarded as children. According to this classification, 1708 patients (70.7%) were admitted to adult ED and 709 patients (29.3%) were admitted to pediatric ED.
Patients were divided into three groups according to their admission hours. The first group consisted of patients who were admitted between 8am and 4pm, the second group included admissions between 4pm and 12pm, and the last group's admissions were between 12pm and 8am. While most of the patients (n=938) presented between 4pm and 12pm (38.8%), 891 patients (36.9%) presented between 12pm and 8am, and 588 patients (24.3%) presented between 8am and 4pm.
There was a gradual increase in the annual numbers of patients presenting during the study period ( Table 1 ). The year 2007 was the most affected year in terms of CO poisoning. Most of the exposures occurred in Winter months (57.1%). It was observed that January (21%) and the subsequent Winter months were the most dangerous periods for CO exposure; only 43 patients (1.8%) were admitted to ED during the summer months (Table 2) .
According to ED admission hours, there was a statistically significant difference between male and female gender (p=0.016). Particularly in the 4pm-12pm period, admissions of female intoxicated patients increased compared to male admissions. There was no statistically significant difference between genders, according to seasonal admission ratios (p=0.302) ( Table 3) .
In terms of ED admission hours, there was no statistically significant difference between adult and pediatric populations (p=0.173).
However, during Spring months, pediatric admissions increased compared to adult patient admissions (p=0.013) ( Table 4) .
Discussion
Carbon monoxide poisoning still presents a common health problem in the United States and many other countries (1, 6, 7) . Even though unintentional CO poisoning is a preventable health concern in many countries, the significance of this serious poisoning incidence is still increasing. The US Consumer Product Safety Commission categorized unintentional consumer product-related and non-firerelated CO deaths in 2007 as being associated with indoor heating systems (38%), engine-driven tools-related (38%) and other sources (charcoal grills, charcoal, ranges, ovens, water heaters, camp stoves) (25%) (8) . In Turkey, the main cause of CO poisoning was unsecured gas heaters and domestic stoves. Akköse et al. (2) demonstrated in their Turkish population-based study that only one of 304 patients had a history of suicide attempt. In the retrospective study of Akbaba et al. (9) , out of 491 poisoned patients, there was no reported case of intentional CO poisoning. Likewise, no case of suicidal attempt or engine-driven tools-related poisoning was observed in our study population. According to Nazari et al. (10) , non-fatal CO poisoning was higher in females than males, whereas actual fatalities were higher in males than females. In our study, the majority of the population consisted of female patients. Females tended to present at the hospital between 4pm and 8am, this finding might be due to neglect of symptoms in females during daytime. When the overall admissions are taken into consideration, increase in nighttime admissions (after 4pm) were observed. This might be due to frequent use of heating systems during nighttime.
In the retrospective study of Akköse et al. (2) , the majority of CO poisoning cases occurred in the Winter months (64.6%). They associated this finding with the increased use of coal heaters in Winter and strong south-east winds. According to the study of Salameh et al., it was also reported that 79% of CO poisoned patients presented during Winter months (November-February) and 21% during the months of March-October. Similar to the literature, our study confirmed the increased ED visit rates in Winter months. Given the principal etiology of CO poisoning in our country, a marked decrease in ED visits in Summer months was observed. The overall number of ED visits in Summer months was found to be 43 (1.8% of total intoxicated patients). A study conducted on unintentional carbon monoxide poisonings in Iran, which covered a five-year period, also revealed that the highest frequency of both non-fatal poisonings and actual fatalities occurred in January (10) . January accounted for the most dangerous month (21.1%) for CO poisoning in our study as well.
Moreover, this particular study demonstrated a gradual increase in the annual number of patients. As awareness of the disease increased, ED admission rates and the number of the treated patients increased as well. It is assumed that in the previous years, some of these patients might not have received proper treatment in our emergency department and therefore might have been misdiagnosed. In some countries, including Turkey, the actual incidence of CO poisoning is difficult to establish and many cases probably remain unrecognized (2, 11) . The gradual increase rate might be due to widespread and uncontrolled use of different heating systems. Unchecked gas-fired combi boilers and inappropriate heating stoves facilitated carbon monoxide intoxication.
Furthermore, because CO poisoning has different impacts on different populations, the pediatric population should be carefully evaluated. Symptoms in pediatric patients are often nonspecific, such as nausea and vomiting, and can easily be misdiagnosed as a viral illness (12, 13) . In our study, patients under the age of 18 represented 29.3% of the total study population. Adult presentations compassed majority of the patients (more than twofold). Pediatric population, who were intoxicated via carbon monoxide, usually diagnosed after their parents' presentations to the adult emergency department. Therefore, we have not found any statistically significant difference between adult and pediatric patients with regard to their admission hours. The reason might be simultaneous recognition of CO poisoning by family members.
Our study has several limitations. Two main limitations include lack of data about the symptoms of the patients and hyperbaric oxygen therapy. Due to the retrospective design of our study, we could not reach all of the data regarding the poisoned patients. The most important reason for this limitation originated from difficulties in recognition of CO poisoning in previous years at our ED. Therefore, the symptoms might have been underestimated and the poisoning might have been misdiagnosed as either common cold or vertigo. In addition, we do not have enough information about hyperbaric oxygen therapy status due to lack of data regarding the poisoned patients.
Conclusion
In many countries, CO poisoning accounts for one of the leading causes of preventable deaths. In our study population, CO exposure occurred mostly in Winter months and the annual ED visits increased gradually each year due to recognition of the disease by physicians and patients. Lack of awareness of the risks related to CO poisoning can significantly contribute to morbidity and mortality. Consequently, there is an increasing need to develop public education programs to raise awareness of CO poisoning. Educational efforts should aim at 
